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(57) Abstract 



A patient adapter Tor being connected to gas tubing in a 
ventilator circuit comprises of an inspiratory and an expiratory 
pipe, the latter having an internal diameter at least about 20% 
greater than the diameter of the inspiratory pipe. The invention 
also includes a respirator circuit in which an expiratory limb 
has an internal diameter at least about 20% greater than the 
diameter than the inspiratory tubing limb. 
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ASYMMETRIC PATIENT ADAPTER FOR VENTILATOR CIRCUITS 



Background of the Invention 
High frequency ventilation (HFV) is widely .used in ventilation of premature infants because it operates at 
5 substantially lower intrapulmonary pressures as compared to conventional positive-pressure ventilation. HFV 
administers breathing cycles at above about 120 breaths per minute (2 Hz) and as high 1320 breaths per minute (22 
Hz) at very low tidal volumes of between about 5 and about 30 ml. Such low volume and high ventilatory rates dictate 
the use of ventilator circuits having relatively low energy loss and low internal compliance as compared to circuits used 
with conventional ventilators and ventilation techniques. At the present ventilator circuits used in administering high 

10 frequency ventilation incorporate inspiratory and expiratory tubing limbs of equal tubing diameter, commonly 10 mm 
inner diameter (ID). The high frequency ventilator circuits include a patient adapter which is substantially symmetrical, 
having two small diameter pipes each having an outer diameter (OD) of about 10 mm for connecting the tubing. The 
pipes intersect with a larger diameter pipe for being connected to an endotracheal or tracheotomy tube. Examples of 
such circuits are neonatal ventilator circuits manufactured and marketed by Hudson Respiratory Care Inc. and HFV 

15 circuits manufactured and marketed by Purtian Bennett . 

In the administration of high frequency ventilation, flow dynamics of inspiratory and expiratory gas flows are 
particularly critical because of the manner in which the gas is injected into the patient airways at very high flow rates 
for very brief time intervals. Typically, gas in HFV is delivered at flow rates of up to 50 liters per minute, but because 
the pressure is administered for only a fraction of a second, only a small amount of gas actually arrives at the distal 

20 airways. Moreover, the patient exhales at the same time and against the flow of gas, quite unlike conventional 
ventilation in which the inspiratory and expiratory cycles occur independently and the inspiratory gas flow is 
terminated as expiration begins. Accordingly, for HFV, it is desirable to minimize the expiratory back pressure. For this 
purpose, high frequency ventilators often incorporate an expiratory compensation valve. HFV circuits also use small- 
diameter tubing having reduced compressible volume and internal compliance, and are of substantially reduced length 

25 to further minimize the column of air in the circuit against which or through which the patient must exhale. 

Summary of the Invention 

The present invention is directed to a patient adapter used in a ventilator circuit for connecting gas tubing. 
The adapter features an expiratory pipe having a diameter which is substantially greater than the diameter of the 

30 inspiratory pipe. Internal energy loss of the adapter is minimized by using a relatively small angle of intersection of the 
inspiratory and expiratory pipes, and also by minimizing the angle at which the patient pipe intersects the junction of 
the inspiratory and expiratory pipes. The invention includes a new high frequency ventilation circuit incorporating an 
expiratory tubing limb having a substantially increased diameter as compared to the inspiratory tubing limb. The 
diameters of the two limbs correspond to the diameters of the patient adapter. More specific features of the invention 

35 are set forth in the following detailed description. 
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Brief Description of the Drawings 
Fig. 1 is top view of the asymmetric patient adapter of the invention; 
Fig. 2 is an end view of the adapter of the invention; and 
5 Fig. 3 is a top view of a high frequency ventilator circuit of the invention including the asymmetric patient 

adapter. 

Detailed Description of the Preferred Embodiments 
Referring to Figs. 1 and 2, there is illustrated the asymmetric patient adapter 10 of the present invention 

10 featuring an inspiratory pipe and an expiratory pipe having different diameters. As shown, inspiratory pipe 14 has an 
interior circular port 17 of a smaller diameter than the diameter of interior circular port 16 of the expiratory pipe 12. 
Similarly, the outer diameters of the inspiratory and expiratory pipes are different, corresponding substantially to the 
same difference as the different internal pipe diameters. Typical pipe wall thicknesses are between about 0.5 mm and 
about 2 mm although such thicknesses are not critical and depend on the design of the pipe. 

15 Both the inspiratory and expiratory pipes extend substantially along respective axes which intersect within 

the interior of the adapter structure. As shown in Figs. 1 and 2, each of the pipes are substantially cylindrical along 
their respective lengths. As particularly seen in Fig. 1 , the axes of the pipes extend outwardly from one another at an 
acute angle, preferably of about 10°, to minimize energy loss and back pressure. It is also preferred to incorporate a 
patient outlet pipe 20 having an angled portion 23 for creating a swivel connection more easily secured to an inlet 

20 fitting on an endotracheal or tracheostomy tube. The angle of the angled portion 23 from the axis of the straight 
portion 21 extending from collar 24 is selected to minimize energy loss and back pressure of gas, during the ventilation 
cycle. An obtuse angle between the axis of straight portion 21 and angled portion 23 is preferably 60° or less. 
Patient connector pipe 23 is rotatably secured within collar 24 by a snap fitting or the like, although other equivalent 
means for forming the rotatable connection between the patient connector pipe and the body of the adapter may be 

25 used as understood by those skilled in the art. 

Temperature and pressure monitoring ports are preferably formed on the adapter for receiving and connecting 
pressure and temperature sensing components or devices. For this purpose, a pressure monitor port 22 extends from 
the body of the adapter as does a temperature monitor port 18. However, the device may incorporate only one or 
neither of these ports, depending on the desired use, and the requirement for monitoring the temperature and/or 

30 pressure of the gas passing through the adapter. The position and configuration of these ports, including rotatable 
elbow connections and the tike may be selected by those skilled in the art. 

The difference between the internal diameter of the expiratory pipe and the inspiratory pipe are such that the 
expiratory pipe inner diameter (ID) is at least about 20% greater than the ID of the inspiratory pipe. More preferably, 
the expiratory pipe ID is at least about 30%, and most preferably is about 33% (30%40%) and up to 2 times greater 

35 than the ID of the inspiratory pipe. For a preferred adapter used in HFV, the inner diameter of the inspiratory pipe is 
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between about 8 mm and about 12 mm and the diameter of the expiratory pipe is between about 12 mm and about 18 
mm. With these preferred parameters, the ratio of the inner diameter of the inspiratory pipe to that of the expiratory 
pipe is between 1:1.20 and about 1:2 and more preferably between 1:1.3 and 1:1.5, respectively. The outer diameters 
will depend on the specific internal pipe diameter plus the thickness of the pipe wall. Again, wall thicknesses of 
5 between about 0.5 and about 2 mm are used, with about 1 mm being typical. The ends of the outer surface of the 
pipe may also feature annular ribs for making more secure connections to the tubing secured to the pipe ends. 

Fig. 3 illustrates a high frequency respiratory circuit incorporating the adapter 10 illustrated in Figs. 1 and 2. 
An expiratory limb 25 consists of a length of tubing having one end secured to the end of expiratory pipe 12 of adapter 
10, and an inspiratory limb 26 comprising a length tubing secured to the end of inspiratory pipe 14. Any suitable 

10 length of tubing may be used. Typically, neonatal circuits are 48 inches long and may incorporate heating wires for 
heating the gas along the length of the tubing. As illustrated, a heated wire 28 is installed in inspiratory limb 26 
illustrating a single-heated limb's circuit. However, dual-heated limbs circuits may be used. Further, the ventilator 
circuit may also include one or more water traps, for example, as disclosed in U.S. Patent No. 4,457,305. Of course, 
the size (diameter) of the hose or tubing used in the circuits will correspond to the diameter of the adapter of the 

15 circuit as previously discussed. 

Although the circuit described above is primarily focused on HFV circuits used in neonatal and infant 
ventilator configurations, the invention is not to be so limited. Accordingly, the asymmetric patient adapter of the 
invention is suitable for adult ventilator circuits used with mechanical ventilators, or in anesthesia circuits. These as 
well as other uses and features of the invention will be understood by those skilled in the art. 
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WHAT IS CLAIMED IS : 

I. A patient adapter for connecting inspiratory and expiratory gas tubing comprising 
an inspiratory pipe having a first internal diameter, 

5 an expiratory pipe having a second internal diameter, 

a patient connector pipe communicating with said inspiratory pipe said expiratory pipe having a 
third internal diameter larger than either of said first or said second internal diameter, and 

wherein said second internal diameter is at least about 20% greater than said first internal 

diameter. 

10 2. A patient adapter of Claim 1 wherein said inspiratory pipe extends along a first axis and said 

second pipe extends along a second axis and wherein said first and second axes form an acute angle. 

3. A patient adapter of Claim 2 wherein said patient connector pipe extends along a third axis 
extending from said first and said second axes. 

4. A patient adapter of Claim 3 wherein said first, second and third axes are substantially coplanar. 
15 5. A patient adapter of Claims 1, 2, 3 or 4, wherein said second internal diameter is at least 30% 

greater than said f irst internal diameter. 

6. A patient adapter of Claims 1, 2, 3 or 4 wherein said patient connector pipe is rotatably secured 
along a third axis. 

7. A patient adapter of Claims 1, 2, 3 or 4 including a pressure sensing port 

20 8. A patient adapter of Claims 1, 2, 3 or 4 including a temperature sensing port. 

9. A patient adapter of Claims 1, 2, 3 or 4 wherein said second internal diameter is about 33% greater 
than said first internal diameter. 

10. A patient adapter of Claims 1, 2, 3 or 4 wherein said first internal diameter is between about 8 mm 
and about 12 mm and said second diameter is between about 12 and about 18 mm and wherein the ratio of said first 

25 diameter: second diameter is between about 1 : 1 .3 and about 1:1.5, respectively. 

II. A respiratory circuit comprising 

an inspiratory tubing limb including a length of first tubing for directing gas from a source of gas to 
a patient during inspiration, 

an expiratory tubing limb including a length of second tubing for directing gas from a patient during 
30 expiration, and 

an adapter comprising a first pipe having a first internal diameter and connected to said first 
tubing, a second pipe having a second internal diameter at least about 20% larger than said first internal 
diameter and connected to said second length of tubing, and a third pipe having a third internal diameter 
greater than either said first or said second internal diameter. 
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12. A respiratory circuit of Claim 11 including one or more heating wires extending along at least a 
portion of said first tubing and/or said second tubing. 

13. A respiratory circuit of Claims 11 or 12 wherein said second internal diameter is 30% to 100% 
larger than said first internal diameter. 

5 14. A respiratory circuit of Claim 1 1 wherein said first internal diameter is between about 8 mm and 

about 12 mm and said second diameter is between about 12 and about 18 mm and wherein the ratio of said first 
diameter: second diameter is between about 1:1.3 and about 1:2, respectively. 

15. A respiratory circuit of Claim 14 wherein said first tubing has an internal diameter of between 
about 10 mm and about 15 mm, said second tubing has an internal diameter of between about 12 mm and about 20 
10 mm, and wherein the ratio of the internal diameter of said first tubing : internal diameter of said second tubing is 
between about 1:1.3 and about 1:1.5, respectively. 
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